The gene coding for the mouse alkaline phosphatase expressed in liver, bone, kidney and placenta (liver/bone/kidney-type alkaline phosphatase, L/B/K-ALP) was isolated and characterized. This gene consists of 12 exons and it is at least 49 kb long. The first two exons are separated by a long intron which is at least 32 kb in size, whereas the other exons span within the remaining 17 kb. Primer extension and SI-nuclease mapping analyses with placental mRNA demonstrate a single major transcription start site, which is preceded by a G + C-rich region containing a TATA-like sequence and three copies of the consensus binding site for the transcription factor Sp 1. Transfection experiments using two different reporter genes show that the 5'-flanking region of the gene is active as a promoter in undifferentiated F9 teratocarcinoma cells, but not in 3T3 fibroblasts, consistent with the L/B/K-ALP mRNA level in the two cell lines. As expected from the sequence similarity at the cDNA level, the structural organization of the mouse gene is similar to that of the human and rat L/B/K-ALP genes, suggesting that they all derive from a single ancestral gene.
INTRODUCTION
Mammalian alkaline phosphatases (ALPs) [orthophosphoricmonoester phosphohydrolase (alkaline optimum), EC 3. 1.3.1] are a family of membrane-bound glycoproteins capable of hydrolysing various organic monophosphate esters in vitro. ALP enzymic activity is found both in normal tissues and in various tumours and tumour cell lines such as teratocarcinomas (Bernstine et al., 1973; Hass et al., 1979) , choriocarcinomas (Hamilton et al., 1979) and osteosarcomas (Benham et al., 1981) . At least two isoenzymes coded for by distinct genetic loci have been proposed in the mouse (Goldstein et al., 1980; Wilcox, 1983) , and additional isoenzymes are found in humans and higher primates (McKenna et al., 1979; Sergeant & Stinson, 1979) . In the adult mouse, one of the ALP isoenzymes is predominantly expressed in liver, bone, kidney and placenta (L/B/K-ALP), whereas the expression of the other form is restricted to the intestine (intestinal ALP) (McComb et al., 1979) . ALP activity is also found in the early embryos at various stages of development (Chiquoine, 1954) . Particularly high levels of ALP expression are observed in primordial germ cells, whose migration towards the gonads can be traced by using ALP activity as a marker (Mintz & Russel, 1957) . The physiological role of the various forms of ALP in the adult organism as well as during the development of the embryo is still unknown, although various theories have been proposed (McComb et al., 1979) .
The cDNA coding for mouse placental ALP was recently cloned and its deduced amino acid sequence showed 90 % similarity to that of the human L/B/K-type ALP Terao & Mintz, 1987) , but only 55 % identity with the human placental as well as intestinal isoenzymes (Kam et al., 1985; Ovitt et al., 1986; Henthorn et al., 1986; Millan, 1986; Berger et al., 1987; Henthorn et al., 1987) . The L/B/K-ALP gene was mapped to chromosome 4 in the mouse (Terao et al., 1988) and to chromosome 1 in humans (Swallow et al., 1986) . This is consistent with the fact that the distal portion of mouse chromosome 4 and the short arm of human chromosome 1 carry the largest segments of conserved linkage between mouse and human (Lalley et al., 1978; Nadeau & Taylor, 1984; Lalley & McKusick, 1985; Marth et al., 1986) . Recently the structure of the human L/B/K-type, intestinal and placental ALP gene loci have also been elucidated. The L/B/K-type ALP is structurally distinct from that of the placental and intestinal ALP genes, which are closely related and are mapped to chromosome 2 Henthorn et al., 1988; Knoll et al., 1988) . The rat L/B/K-type ALP cDNA and gene were also isolated; however, their chromosome location is not known (Misumi et al., 1988; Toh et al., 1989) .
As a first step in understanding the function and the mechanisms regulating the expression of L/B/K-ALP in the various tissues of the adult mouse, and of the mouse embryo during the development, we have undertaken the isolation and structural characterization of the gene coding for this enzyme. As expected on the basis of the similarity at the cDNA level Terao & Mintz, 1987; Misumi et al., 1988) , the structure of the mouse L/B/K-ALP is very similar to its human and rat counterparts Toh et al., 1989) (Maniatis etal., 1982) . Fractions containing DNA hybridizing with the fulllength mouse placental cDNA (Terao & Mintz, 1987) were used for packaging in vitro with GigaPack (Stratagene, San Diego, CA, U.S.A.), and the resultant recombinant phages were amplified in Escherichia coli LE392(P2).
Phages containing the mouse L/B/K-ALP gene were isolated from genomic libraries by plaque hybridization in situ (Maniatis et al., 1982) using either different mouse placental cDNA fragments (for clones 81, 51, 21, 8K, 6K, 86 and 61) or a genomic fragment (for clone Ni) as probes (see also legend to Fig. 1 below), labelled with32P by the random-priming method (Feinberg & Vogelstein, 1983) .
Restriction-endonuclease mapping of the inserts and preparation of DNA were carried out according to standard procedures (Maniatis et al., 1982) . DNA blotting analysis was performed on nylon membranes (GeneScreen Plus; NEN Research Products, Boston, MA, U.S.A.) according to the manufacturer's instructions. The position of exons was determined by DNA blotting analysis using 32P-labelled cDNA fragments or specific oligonucleotides as probes, and by DNA sequence analysis. When oligonucleotides were used for DNA blotting analysis, probes were labelled at theiiB 5'-end with 32P with polynucleotide kinase (Maniatis et al., 1982) , and hybridization and washing were performed as previously described (Wood et al., 1985) . DNA sequence analysis DNA fragments were subcloned into the plasmid vector pUC 18 or Bluescript (Stratagene) and sequenced by the dideoxynucleotide-chain-termination method (Sanger et al., 1977) (Henikoff, 1984) . Computer analysis of the DNA sequences was performed using the Microgenie sequence analysis system (Beckman). Primer extension and Sl-nuclease (Si) mapping analysis Total RNA was prepared from mouse placenta, and polyadenylated RNA was selected according to standard procedures (Maniatis et al., 1982) . Primer-extension analysis was carried out with an 18-base synthetic oligonucleotide complementary to nucleotides 337-354 of mouse placental cDNA (Terao & Mintz, 1987) labelled at its 5'-end with 32P by phage-T4 polynucleotide kinase (Maniatis et al., 1982 Fig. 4 below), labelled with 32P at the 5'-end of the PstI site by phage-T4 polynucleotide kinase (Maniatis etal., 1982 (Maxam & Gilbert, 1980 
Transfections and assays
Cells were transfected with circular plasmid DNA (20,g/ 10 cm dish) using the calcium phosphate co-precipitation method (Graham & Van Der Eb, 1973 
RESULTS
Mouse L.B/K-ALP gene A physical map of the mouse L/B/K-ALP gene is shown in Fig. 1 . This map was obtained by restriction cleavage of lambda genomic clones isolated from three different libraries. DNA blotting analysis was performed by using mouse placental fulllength cDNA as a probe and is shown in Fig. 2 . After digestion with BamHI, all the bands appearing in the autoradiogram are accounted for by the physical map shown in Fig. 1 , except for a 0.2 kb fragment containing exon 9, which does not appear in the Figure, and a large fragment (at least 23 kb) containing exon 1, which appears only after longer exposure of the film because of its low transfer efficiency. The EcoRI and HindIII cleavage patterns are again consistent with the physical map of the gene, except for a 0.8 kb EcoRI fragment containing exon 9 that is not visible on the autoradiogram shown.
The ALP gene extends for at least 49 kb and it consists of 12 exons. The nucleotide sequence ofexon-intron junctions (Table  1) conforms with the consensus sequence established for other eukaryotic genes: introns always start with GT and end with AG. At the 3'-end of the gene, exon 12 contains putative 3'-mRNA processing signals that are commonly found in other eukaryotic genes (Mount, 1982; Green, 1986) ; the mRNA cleavage/polyadenylation site is located 16 bases downstream of the sequence AATAAA, and 17 bases upstream of a G + T-rich region (Birnstiel et al., 1985) . The structure of the transcribed region of the ALP gene is exactly the same as that of the mouse placental cDNA as determined by sequence analysis. The 5'-untranslated region is contained in exon 1 and part of exon 2. The protein coding region is present within 11 exons (exons 2-12), whereas its entire 3'-untranslated region is within exon 12. Exon 1 and exon 2 are separated by a long intron whose size is at least 32 kb. In fact, the two edges of the intron 1 contained in Figs. 3(a) and 3(b) respectively. The major band observed after primer-extension analysis using placental polyadenylated RNA is of the expected size (354 nucleotides), whereas no bands are observed using tRNA as a control. As expected, placental RNA protects a 77-nucleotide fragment, and a minor 75-nucleotide band is also observed with longer exposure of the autoradiogram (lanes 3-5). Intestinal polyadenylated RNA or tRNA does not protect any of these bands (lanes I and 2 respectively). The two assays are in good agreement in determining a major transcription start site at the nucleotide indicated in Fig. 4 .
The nucleotide sequence of the 5'-flanking region of the gene, as well as exon I and part of intron 1, is shown in Fig. 4 . A promoter element, TTCATAA, similar to a TATA box (Serfling et al., 1985; Dynan & Tjian, 1985) , is located 25 bp upstream of the putative transcription start site. (Bird, 1986) , whereas 3T3 cells contain negligible amounts of the enzyme (about 1 % in respect to F9; results not shown). Fig. 5 shows that there is a correlation between the level of enzymic activity and the steady-state level of the L/B/K-ALP transcript in the two cell lines. RNA blotting analysis, using total cellular RNA and the mouse placental cDNA as a probe, reveals a specific band of about 2500 nucleotides in F9, as expected, whereas no such band is observed in 3T3.
To determine the promoter activity of the 5'-flanking region of the mouse L/B/K-ALP gene, a 1.9 kb fragment containing this region was fused to CAT or hGH reporter genes and used to transfect F9 teratocarcinoma cells and 3T3 fibroblasts. The results of these experiments are shown in Table 2 . When the ALP promoter is placed in front of the CAT gene (ALPCAT), significant elevation (about 7-fold) of CAT activity is observed in transfected F9 cells in comparison with the same construct lacking a functional promoter (p1O6). When the ALP promoter is placed in front of the CAT gene in the reverse orientation (rALPCAT), the level of expression is lower, although it is still above the background level (about 3-fold). On the other hand, in 3T3 cells the stimulation of CAT-gene expression due to the presence of the ALP promoter is only 2-fold. In both cell lines the simian-virus-40 promoter-enhancer is active, albeit at different levels.
The same qualitative results obtained with the CAT constructs were observed when hGH was used as a reporter gene. In F9 cells the promoter of the mouse L/B/K-ALP gene stimulates the secretion of hGH about 10-fold compared with pOgh, whereas it does not function in 3T3 cells. The hGH gene under the control of the viral thymidine kinase promoter (pTKgh) used as a positive control for transfection is active in both cell lines. With both types of construct, the promoter activity of the ALP gene in F9 cells is lower than that of SV40 promoter-enhancer and pTKgh (5 and 16% respectively).
DISCUSSION
The mouse L/B/K-ALP gene is at least 49 kb in size and consists of 12 exons. The main feature of this gene is the presence of a long first intron (at least 32 kb) and the clustering of all the other exons in the remaining portion. Several attempts to get overlapping clones within intron 1 using various genomic libraries and probes derived from the isolated gene were unsuccessful, probably because of the presence of repetitive sequences in this region. It is unlikely, however, that clones 81 and 51 (see Fig. 1 ) come from a gene different from, but closely related to, that represented by the remaining clones. In fact, the splicing junction between exons 1 and 2 is perfectly matched (see Table 1 ), and the results of DNA blotting analysis of mouse genomic DNA are consistent with our physical map of the ALP gene and with the absence of other related genes (see Figs. 1 and 2) . The similarity ofthe nucleotide sequence ofthe mouse placental ALP cDNA to that of its human and rat L/B/K-ALP counterparts in the coding region is 84% Terao & Mintz, 1987) and 92% respectively (Misumi et al., 1988) . The structural organization of the mouse gene is also strikingly similar to the rat and human L/B/K-ALP genes (Toh et al., 1989; Weiss et al., 1988) . One similarity among the three genes is the presence of a long first intron, which splits the 5'-untranslated region into exons 1 and 2. The organization of other exons is completely conserved among mouse, rat and human: both the length of the exons and the sites of interruption by introns are exactly the same. The length of the different introns, as well as their sequence in the characterized regions is, however, different. In particular, the sequences surrounding the exonintron junctions are different from the ones found in the human L/B/K-ALP gene, but very similar to that of the rat. The fact that, in the mouse L/B/K-ALP gene, the protein coding region is interrupted by introns at positions analogous to those in the human genes encoding the three different ALP isoenzymes and in the rat L/B/K-ALP gene further strengthens the contention that this multigene family is the product of a series of duplications from a single ancestral gene .
Like the human L/B/K-ALP gene, the mouse counterpart has only one major capping site, which, within the limits of primer extension and SI mapping analysis, matches the 5' end of the mouse placental cDNA (Terao & Mintz, 1987) . Preliminary experiments suggest that a single major transcription start site is also present in F9 teratocarcinoma cells. Unlike the human and mouse homologues, the rat L/B/K-type ALP gene has an additional promoter which allows the production of an extra mRNA from the same gene. The occurrence of alternatively spliced mRNA species of the ALP gene may, however, be a peculiarity of the rat, since there is no report of more than one molecular species of the L/B/K-ALP transcript in mouse and human. Moreover, attempts to evaluate the presence of a second promoter sequence by hybridization of our genomic clones 81, 51 and 21 with various oligonucleotides synthesized according to the published sequence of the rat L/B/K-type ALP exon 2 (Toh et al., 1989) were negative. Primer extension analysis performed with the same oligonucleotides, as well as with other oligonucleotides in the coding region of mouse placental ALP cDNA, using polyadenylated RNA from mouse placenta, liver and F9 cells, again did not suggest the presence of an extra exon sequence similar to that of the rat gene.
The 5'-flanking sequences of the human and the mouse genes are very similar. When compared with the first 600 bp of the human L/B/K-ALP gene, more than 50% overall identity is observed, and this similarity is particularly high (78 %) in the 200 bp upstream of the putative capping site (results not shown). The 5'-flanking region of the first exon of rat L/B/K-type ALP is even more similar to the mouse promoter, being 86 % identical in the first 500 bp upstream of the putative capping site. The ALP promoter of the three genes is devoid of a TATA-box consensus sequence (Serfling et al., 1985; Dynan & Tjian, 1985) , although a similar sequence (TTCATAA in mouse and rat versus TTTATAA in human) is present. This feature, along with the lack of a CAAT-box element, is typical of many eukaryotic house-keeping genes (Serfling et al., 1985; Bird, 1986) . Three copies of Spl-binding site, as compared with the four copies observed in the human and rat L/B/K-ALP promoter, are also found in the mouse ALP-gene promoter.
To demonstrate the functional activity of the 5'-flanking region of the mouse ALP gene as a promoter, a 1.9 kb fragment containing this region was tested for the expression of two different reporter genes. in F9 teratocarcinoma cells and 3T3 fibroblasts. With both reporter genes, ALP promoter activity is observed in F9 cells, whereas the activity is lower or absent in 3T3 fibroblasts (compare the ALPCAT and ALPgh expression in 3T3 cells shown in Table 2 ). The two kinds of constructs using different reporter genes were produced to compensate for possible 'artifactual' differences in the level of expression of the ALP promoter in the two cell lines. The transient expression assay thus seems to be correlated with the ALP enzymic activity as well as specific mRNA steady-state levels in these two cell lines. This suggests that the 5'-flanking region contains general elements essential for transcription as well as determinants for cell specificity of transcription. In F9 cells, the mouse L/B/K-type ALP promoter is active in both orientations in respect to the transcriptional direction of the reporter gene, albeit at different levels. This phenomenon was also observed for the human L/B/K-type ALP gene, for which similar experiments were conducted in human osteosarcoma cells (Thomas & Capecchi, 1987; Schwartzberg et al., 1989) . This might allow the production of a transgenic mouse potentially useful as an animal model of the human disease known as hypophosphatasia.
